The fabrication of an optical waveguide by designing the device and using a positive photoresist via photo lithography (ultraviolet light) to transfer the pattern of the sample has been studied. A direct coupler method was used to investigate a different wavelength pointer laser beam coupled with a fiber-fiber test coupling coupler employing different wavelength lasers ≈5 mW to measure propagation loss and lattice mismatch. The speed of light and numerical aperture were correlated with refractive index. The result showed a good efficiency of laser transfer to fabricate the optical waveguide.
Introduction
Lithium niobate (LiNbO 3 ) is an indirect band-gap material and is widely used for photonic applications [1] - [4] . Therefore, it is a very promising material to fabricate the integrated optical devices [5] - [7] due to its superior optical properties are suitable for various optical applications, and it is known as a ferroelectric material used to form waveguides [8] . LiNbO 3 has some specific advantages over bulk LiNbO 3 , such as possibility of producing step index, selective incorporation of dopants, the fabrication of multilayer structures, and the miniaturization and integration of these devices [9] .
The planar optical waveguides elucidate the fabrication and integration of several optical components on the same planar substrate, such as interleave filters, beam splitters, variable attenuators, wavelength multiplexers, and optical switchers [10] , [11] . The important parameter used to determine the characteristic of guiding mode propagation was a refractive index for the optical waveguide [12] - [15] . The fundamental property of planar waveguide structures is the relation between the number of the waveguide modes in the function of the layer thickness propagating in the structure and its refractive index [16] because of the propagation of light along a waveguide is one of the fundamental and important questions of wave optics [17] , [18] . These advantages of planar optical waveguides can be explained as a low connection loss to optical fibers, low transmission loss, high reliability, compact size, and high reproducibility. All of these advantages cannot be indicated at the boundaries of the development and a provision of necessary supports for future generations in the field of optical information technology [19] .
Optical waveguide is essential for the photonic device, and it is used to change the size of light spot in order to have a superior coupling efficiency (less loss) between the two sections with different refractive index and different cross sections [20] . Strongly confined nanophotonic LiNbO 3 for waveguides with increasing refractive index, focusing on ultra-small waveguide cross-sections and less bending loss will enable ultra-compact optical integrated circuits and devices in nanophotonic LiNbO 3 showed that the transferred layers (LiNbO 3 ) have bulk crystalline quality, identical optical, and electro-optical properties like LiNbO 3 single crystals [21] - [23] .
In this work, we attempted to focus on the design and analysis of photonic LiNbO 3 using solgel method. The 2-D refractive index profile of the waveguide is grooved using photolithography method. The direct method (optical fiber in-optical fiber out) was used to determine the guiding efficiency and then measure the optical loss, propagation loss, mismatch loss, and bending loss, of photonic LiNbO 3 at different molarity concentrations of the prepared mixture. This paper is organized as follows. Section 2 presents the experimental procedure, followed by results and discussions in Section 3. Finally, a conclusion is presented in Section 4.
Experimental Procedure

Materials, Chemicals, and Characterization of LiNbO 3
The preparation procedure of nanophotonic LiNbO 3 is explained in our published papers [24] , [25] . Nb 2 O 5 (ultra-purity, 99.99%) and oxalic acid (A.P.) were used without further purification. To obtain homogeneous and crack-free films of LiNbO 3 , the precursor were deposited by the spin coating technique on quartz substrates at spinning speed, 3000 rpm for 30 sec. Seven layers were prepared, the film was then dried at 120°C for 10 min and finally annealed (calcined) at 500°C for 2 hours in static air and oxygen atmosphere to remove the organics. The structural evolution of the as-prepared nanophotonic was examined using high-resolution X-ray diffraction (HR-XRD) (X'Pert Pro MRD PW3040 system diffractometer, PANalytical Company, Netherlands) equipped with Cu-K -radiation of wavelength ¼ 0:15418 nm at 40 kV and 30 mA. The thickness of the annealed samples was studied using the scanning optical reflectometer model (Filmetrics F20, China). The scanning electron microscopy (SEM) (JOEL JSM-6460LV, Oxford instruments Analytical Ltd., Japan) was used to investigate the surface morphology of LiNbO 3 , and atomic force microscopy (AFM) (SPM-9600, Scanning Probe Microscope, Shimadzu, Japan) was utilized for investigating the roughness of LiNbO 3 . The optical properties were investigated using the double-beam Ultr-Violet (UV-vis) spectrophotometer (Shimadzu UV-Vis 1800, Japan).
Mask Design
AutoCAD software was used for designing the device pattern on the photo mask, which is designed with the pattern required to leave a slap and ridge-type structure for LiNbO 3 optical waveguide after etching (see Fig. 1 ), in which the width of the waveguide is 25 m; the length is 1 cm; and Z cut photonic LiNbO 3 was deposited using sol-gel method.
Nanostructure Fabrication
A 1200 nm layer of positive photoresist (PR1-2000A) purchased from Futurrex, Inc., USA was first applied onto the nanophotonic LiNbO 3 surface using the spin coating technique and using resist spinner model WS-400BGNPP/UTE/10 K and then heated at 100°C for 1 minute on a hot plate (JB-TEK Honeywall) and cooled down to room temperature (see Fig. 2 ). This process (soft bake) was done in order to remove the moisture on the surface of the substrate, to semi-harden the photo-resist (PR) layer. To transfer the waveguide pattern on the surface of the sample, the ultraviolet (UV) light using MIDAS Exposure System MDA-400M for pattern transfer was exposed for 10 sec through transparency mask (see Fig. 2 ). At the final stage of pattern transfer, the exposed resist was ready to be developed by RD6 Developer Solution. After the development, the portion of the photo-resist that was exposed to light becomes soluble to the photoresist developer (RD6).
The sample was immersed into diluted 10:25 developer solution (DI water: RD6) to remove unwanted resist (see Fig. 3 ). The development of resist was carefully observed until all the unwanted resist was removed and rinsed using DI water, followed by spin dry and hard bake heating. This process was carried out for 30 sec and continued pre-heating to 100°C (hard bake) to remove unwanted moisture and enhance the adhesion between LiNbO 3 and photo-resist prior and to enhance the adhesion force between the LiNbO 3 layer and the substrate. For fabricating strip optical waveguide, we used the wet etching process by mixture of HF/HNO 3 in 1:4 ratio, with relieve the mixture by using deionized water in 1-20 ratio for 5 sec to etching LiNbO 3 deposited structure as designed pattern, followed by using the high power microscope (HPM) (OLYMPUS-BX51, UK) that was used to inspect the sample to see if the pattern is clear and well defined. Then, the process was continued by immersing the sample in acetone for 5 sec to remove the photo resist materials for fabricating the planer waveguide; the completed process flow is shown in Fig. 2 . Scanning electron microscopy (JOEL JSM-6460LV, Oxford instruments Analytical Ltd., Japan) was used to investigate the surface morphology of LiNbO 3 Optical Waveguide.
Waveguide Measurement
The optical waveguide properties of LiNbO 3 were investigated by a direct coupler method. A different wavelength pointer laser beam was coupled with fiber-fiber test coupling coupler in our experiment (end coupling method), employing different laser diode source such as 420 nm UV laser diode (DL-3146-151, 5.6 mm beam width, from SANYO), 480 nm, Blue DPSS laser diode (5.6 mm, Germany), 532 nm green laser pointer (Hong Kong), 632 nm red laser diode (To-can and Cmount pacage, SLD63518240, 5.6 mm, from Samsung, Korea), 808 nm near infrared laser diode (RLT80805MG, 5.6 mm, ROITHNER LASERTECHNIK, Austria), and 1100 nm Infrared laser diode (RLT995-5 G, ROITHNER LASERTECHNIK, Austria) with wavelength ≅ 5 mW input laser power (see Fig. 3 ), and using Sanwa Laser Power Meter LP1 Mobiken Series, Range: 400∼1100 nm Resolution, Japan.
Result and Discussion
First, the cutoff thickness was calculated using (1), shown below, and shown in Fig. 4(a) , due to depending light confinement with the optical waveguide on the guiding layer thickness. Thus, electromagnetic radiation is no longer confined and it begins to leak into the substrate if the thickness of the waveguide is below the cutoff thickness [26] - [28] 
where m ¼ 0 (fundamental mode), 1; 2; 3; . . . ; n s is a refractive index of substrate ðquartz ¼ 1:5Þ, n c is a refractive index of cladding ðair ¼ 1Þ, and n f is a refractive index of nanophotonic LiNbO 3 , (see Table 1 ). We note that when molar 0.50 Mol/L, getting less cut off thickness, this molarity is the best condition to investigate the optical waveguide. Therefore, it is noticed that both speed of light and numerical aperture are increasing gradually with refraction index when molarity concentration increases. The thickness of the guiding layer also determines the guiding modes in the waveguide, and then we calculate the output power of lasers by using the end coupling method [see Fig. 5(a) ], and waveguide efficiency (see Fig. 5(b) ). Our results showed a variation of laser energy transfer The end coupling method was used (see Fig. 1 ) to employ different wavelength lasers with ≅ 5 input laser power, the total insertion losses were measured using fiber-fiber test coupling. In this method, a reference measurement was done; and then the prepared "tapered-slap waveguide" was introduced between two cleaved SMF-28 fibers. Light-coupling was achieved at the input and output facets using a matching index. Fig. 6 shows the presence of cracks at the edge of the waveguide, causing losses in transfer and propagate of laser power, also notes the presence of pores resulted from the removing process of photoresist; and this pore causes a loss in light transfer and propagate. In addition, the particles dust exists due to our work conditions are not completely clean, which affects the transferring and propagating efficiency. The other absorption and mode conversion loss such as TABLE 1 Refractive index, thickness, cut off thickness, speed of light, numerical aperture, normalized frequency, and efficiency corresponding to molarity concentrations of LiNbO 3 nanostructures roughness, internal stress was calculated based on the results of XRD results (see Table 1 ), and finally, the film/substrate lattice mismatch ð"Þ was calculated due to the surface roughness is a very important parameter to compare with propagation loss from the bed surfaces [32] , the assessing optical applications, was estimated using (2), shown below, in Fig. 6 [29]- [31] 
where a f is a lattice constant of nanophotonic LiNbO 3 , 5.1566 Å, and a s is a lattice constant of substrate (quartz), 4.9138 Å [33] . The total losses were calculated from a summation of all types mentioned previously as shown in Fig. 7 . The results depend on the measured output laser power where the molarity 0.50 Mol/L has less optical loss, where the total loss is considered as a function of molarity concentrations in 632 nm laser wavelength, 0:25 Mol/L ¼ 1:876 dB, 0:50 Mol/L ¼ 1:825 dB, 0:75 Mol/L ¼ 1:875 dB, and 1 Mol/L ¼ 1:838 dB, respectively (see Table 1 ). Photonic crystals allow the control of light within a designed frequency range. The light was modulated strongly along the periodic direction due to the reflection and refraction at the boundaries of the alternating materials. We can summarize that the photonic crystal as a new class of optical materials can provide new opportunities in the flow of light process and for larger range of light [34] - [39] . Fig. 8 demonstrates how the rays are reflected in greater than the acceptance angle ; a with the axis, where those move a short way and take less time to reach. Through passage, it is reflected in a critical angle ; c with the axis, which leads to a reduction of the optical loss, propagation loss, absorption and mode conversion loss. ; c is critical angle calculated by The cone of acceptance of light is defined by the acceptance angle ð; a Þ of the waveguide core, whose maximum value can be calculated directly by [40] sinð; a Þ sinð; aMAX Þ ¼
Assuming that the refractive index of the medium outside the waveguide cladding is 1 (air), the result above can be expressed as [41] Refractive index outside the waveguide is ðn 0 Þ ¼ 1
The numerical aperture measures the light gathering capacity of the waveguide and is the sine of the maximum acceptance angle [42] N A ¼ sinð; aMAX Þ:
Another important parameter is the normalizes refractive index difference
whose relation with the numerical aperture is
The normalized frequency ðV Þ is also an important quantity. It depends on the waveguide width (a), the numerical aperture of the core and the wavelength of light stimulating the waveguide is ð ¼ 630 nmÞ
The V parameter allows the determination of the waveguide operating regime with only one propagating mode (monomode propagation) or several propagating modes (multimode propagation). The last situation leads to the increased distortion of the signal due to different propagation velocities of the modes (see Table 1 ).
Conclusion
The nanophotonic LiNbO 3 was chemically prepared by the spin-coating technique. Cutoff thickness indicated that the molarity concentration 0.50 Mol/L is the best condition because it has less cut off thickness. The output power and waveguides efficiency was calculated using the end coupling method and noted that the same molarity concentration has higher output power, 3.89 dBm of efficiency, and 55.66 in 630 nm laser wavelength under 0.50 Mol/L. The optical loss such as propagation loss, absorption, and mode conversion loss were calculated to determine the cutoff thickness, numerical aperture, and normalized frequency for the optical waveguide fabricated for the optimum condition of molarity concentration, 0.50 Mol/L was found for 16.6 nm, 1. 73, and 0.343 mm, respectively, which is suitable for waveguide applications.
